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(54) Title: DEVICE AND METHOD FOR ANALYZING A BIOLOGIC SAMPLE

(57) Abstract: A device for separating fluid from a biological sample when the sample has a fluid and a non-fluid component is de-
scribed. A method for separating fluid from a biological sample is also provided wherein the method comprises the step of bringing
the fluid sample in fluid contact with the microspheres such that the fluid component moves by capillary action between the micro- -
spheres along capillary channels transiently formed in the spaces between the microspheres and leaving the non-fluid component
behind. In the methods of the present invention, the step for separating the fluid may be combined with other assay techniques for
detecting and/or measuring one or more analytes which may be present in the fluid sample, such as immunoassays and chromato-
graphic assays. These may be further combined with groups of microspheres for use in the analyte detection step as well as the
separation step whereby the microspheres act as labels for the analyte or as a source of label for the analyte.
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DEVICE AND METHOD FOR ANALYZING A BIOLOGIC SAMPLE

This application is a continuation-in-part application of copending PCT Patent

Application No. PCT/CA99/01079, the entirety of which is hereby incorporated by

reference.

Field of the Invention

This invention relates to a device for separating a fluid component, such as

plasma, from a non-fluid component of a biologic sample, such as blood, using

suitable small particles such as microspheres. The term “microspheres” as used herein

10 means spheres or particles of sizes ranging up to 5,000 pm in mean diameter,

preferably up to 50 pm in mean diameter. This invention also relates to a device and

method for quantitative determination of an amount of analyte present in biologic

fluids that employs such small particles to separate a fluid component containing the

analyte from a non-fluid tomponent. The invention further relates to a quantitative

15 - assay method and device for measuring one or more analytes in a biologic fluid

sample using a point-of-care assay method and device.

prepared for the purpose of testing for the presence and, optionally, the amount of one

In one embodiment, the sample could be a suspension or solution which is

or more micro-organisms. In another embodiment, the sample could be a suspension

20  or solution which is prepared for the purpose of testing for the presence and,

optionally, the amount of one or more proteins. The proteins could be, for example,

arl anl

tibody or an antigen. The test results can be analyzed using a suitable analyzer

and, optionally, the assay test results are transmitted by way of digital transmission
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- systems to permit further evaluation of the data; The data generated in this manner

may be used to create databases suitable for diagnostic or prognostic purposes.

Background of the Invention

There are presently many exarnpies of one-step assays for measuring analytes
in fluids. A common'assay is the pregnancy test device, which ixivolves contacting a
urine sample w1th a test pad, comprising a bibulous chromatographic strip containing
reagents capable of reacting with and/or binding to of human chorionic gonadotropin

(HCG). The urine sample moves by capillary flow along the bibulous

| chromatography strips and the presence of HCG is detected, usually as shown by a

cb_lourpd line, because of the reaction between HCG and the reagents in the bibulous
.chro_matoAgraphy strips. This is an example of a chromatographic assay.

U.S. Patent 5,766,961 issued June 16, 1998 and U.S. Patent 5,770,460 issued )
June 23, 1998 are both entitled “One-Stép Lateral Flow Nonbibulous Asg;y”.
“Nonbibulous lateral flow” refers to liquid ﬁow in whicia all of the dissolved or
dispersed cofnponépts of a liquid, which are not permanently entrapped or filtered ouf,
are cam'Aed at subsfantially equal rates and with relatively unimpaired flow laterally
through a stabilized membrane. This is distinguished from preferential retentfoﬁ of
one or more components as would occur, for example, in materials capable of
absorbing or imbibing one or more components, as occurs in chromatographic
configurations. In this one-step assay, a sample (which may contain the analyte of
interest) is collected on the “sample receiving zone” from which it flows to the

“labelling zone™ at which point it encounters a specific binding reagent for the analyte
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coupled to visible moieties (the “assay label™), then flows to a “capture zone” where
the analyte bound to visible moieties is captured.

In U.S. Patent 5,540,888 issued July 30, 1996 and entitled “Liquid Traﬁs_fer

Assay Devices”, the invention described is a device for biochemical diagnostic assays.

It cdrﬁpriscs two liquid flow channels of porous material which transfer liquid by

capillary flow to a common site folloWing simultaneous application of the liquid to

the ends of the channels. The channels interconnect at a certain point and then both ~ -

continue in an arrangement analogous to an electrical bridge circuit. By selecting the
hydraulic resistances of the arms of this circuit, the flow can be controlled acr‘oss the
bridge.

U.S. Patent 5,300,779 issued April 5, 1994 entitled “Capillary Flow Device”
describes methods and devices for meaéuring an analyte in a sample mixed with

reagents, the devices defining a flow path. The specific binding by agglutinatidn may

provide for chénges in flow rate, light patterns of a flowing medium, or light

absorption or scattering which permit measurement of the analyte of interest.
InUS. Patent 5,110,724 issued May 5, 1992, entitled “Multi-Analyte Device”,

the invention described is an assay device for assaying multiple analytes in a drop-

sized blood sample. A dispenser distributes a small volume blood sample to multiple

transfer sites by capillary flow of the blood sample through sieving and distributing
matrices which separate blood cells ﬁbm plaéfna as the sa.rﬁple fluid migrates toward
the transfer sites. A test plate in the device carries multiple absorbent pads, eéch
containing reagent components for use in detection of a selected analyte. The test
plate is mounted on the dispenser toward and away from a transfer positioﬁ at which

the exposed surface regions of the pads are in contact with associated sample-transfer
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sites, for simultaneous transfer of sample fluid from such sites to the pads in the
shpport.
| In U.S. Patent 5,039,61.7 entitled “Capillary Flow Device and Method for

Measuring Activated Partial Throinboplastin Time”, the invention described measures
“activated partial thromboplastin time” (APTT) on a whole blood sample by applying
the sample toa t:apilla.r'y tract with reagents capable of initiating an APTT analysis
wherem c]ottlng time is measured by the cessation of blood flow i in the capillary tract.
This is an exarnple of a risk evaluatlon based on coagulation.

InU.S. Patent 4,753,776 entitled “Blood Separation Device Comprising a

Filter and a Capillary Flow Pathway Exiting the Filter”, the invention describes a’

‘method for separating plasma from red blood cells. The driving force for the

movement of plasma from the filter to the reaCtion area of 5 device utilizing the
method is capillary force provided by a tubular eapillary. A filter is selected from
glass microfiber filters of specified characteristics. :
InU.S. Pateﬁt 5,135,719 issued August 4, 1992, entitled “Blood Separetion

De\}ice Comprising a Filtee and Capillary Flow Pathway Exiting the Filter”, the
similar invention is described and the glass fibre ﬁlters are prepared from ﬁbers with
dlameters between 0.10 and 7 0 pm.

| In U.S. Patent 4,447,546 issued May 8,'1984, eniitled “Fluorescent
Immunoassay Employing Opﬁcal Fibre in Capillary Tube”, a short length of precise
diameter capillary tubing with an axially disposed optical fibre to §vhich is
immobilized a monolayer of a component of the antibody antigen complex (eg. an

antibody) is described. The tubing is immersed in the sample.
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U.S. Patent 5,610,077 issued March 11, 1997, entitled “Procesées and
Appa.r:citus for CarryingAOut Specific Binding Assays”, describes thelwell kﬁown
'antibody/antigen binding assay. The sample which may contain the analyte (a), (ihe
substance béing tested for) is mixed with (b) an antibody which binds to the spbsfance

being tested for, which antibody is immobilized on a solid support, and (c) another

antibody for the substance being tested for which is conjugated to a detectable marker,

to thereBy form a complex between (b), the substance being testéd for and (c) and |
causes thev marker to be '}rnrnobilized and de.tectbed.

Iﬁ U.S. Patént 4,943,522 issued July 24, 1990, entitled “Lateral Flow, Nqn—'
Bibulous Membrane Assay Protocols”, the described invention is a method aﬁd
apparatus for conductihg specific binding pair assays, such as immunoassays, the test
substrate is a porous membrane on which a member of the binding pair is affixed in an
“indicator zone”. The sample is applied and is permitted to flow laterally through the
indica;or zone and any analyte in the sample is complexed with the affixed specific
binding member, and detected. A novel method of detection employs entrapment of

observable particle in the complex, for instaﬁce, red blood cells of blood can be used

- as the observable particles for detection of the complex.

An example of a method to separate red blood cells from whorle blood sémples
is found in U.S. Patent 5,118,428 issuéd June 2, 1992, entitled “Method to Remove
Red Blood Cells from Whole Blood Smnples”. In the described invention, red blood
cells are removed from whole blood samples with a solution containing an acid. The
agglutinated red blood cells are then removed from the resulting suspension by
procedures of filtration, centrifugation or decantation, léaving an essentially red blood

cell-free serum or plasma sample.‘
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In U.S. Patent 5,073,484, entitled “Quantitative Analysis Apparatus and
Method”, an analyte is measured along a liquid flow path which includes a number of

reaction-containing reaction zones spaced apart along the flow path. Detector means

- are employed to detect analyte, reactant or prédetermincd product in the reaction

zones, the number of zones in which detection occurs indicating the amount of analyte

in the liquid.

~ In U.S. Patent 5,536,470 issued July 16, 1986, entiﬂed “Test Ca;ﬁcr fof
Determining an Aﬁalyte in Whole Blood”, red blood cells cannot gain access frorﬂ the’
blood sample application side, to the detéction side and on the detection side as a
result- of an analysis reactioh, an optically detectable change occurs.

A serious deficiency in current one-step assayé for the measurement and/or
detection of an analyte is that they prdvide only qualitative results rathAer.tl‘:an
quantitative results. That is to say that the p'resénce or absencev of the analyté may be
dctcrmihed but the a_ctuai amount.or concentration of analyte present ih_thé sample |
would still not be known. The assay of the p_rgscnt invention provides quaﬁtitative
results as the test is performed in a determinable volume. In the prior art methods it is
no.t possible to consisteﬁt]y identify the exact volume of the test smﬁpie in repeated
testings since the fluids must wash through the test strips.

In addition to the inability to quantify the results, prior art methodsr using
chromatographic strips and fiberglass strips require larger initial volumes of the
biologic fluid in order to mobilize the proteins and labels in the strips. This is
particularly true when the biologic fluid is blood and the plasma must first be
separated from the blood sample. An advantage of the device and method of the

present application is that very small fluid samples can be used to measure one or
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more analytes. The assay method and device of the present invention is also
advantageous because the test volume can be made constant and therefore repeated
testings will yiéld quantitative data which can be directly compared between samples
and within a sample. | |

It is an advantage of the present invention that the assay device and
methodology allows for separation of the fluid component, such as plasma ﬁom the
ﬁdﬁ-ﬁuid comﬁon_ent of a sample, such as whole blood, during the assaying of the
ﬂuic\l sample. In other words it is not necessary to previously sepérate out the cellular
component of the BIoOd before assaying the sample. Thisisa signiﬁcant advantage as
it allows the assay to be used at the point of patient care, for example, by the i)atient,
at the patient’s bedside or in a doctor’s office. In a preferred embodiment of the -
present invention tﬁere is pro{'ided by fﬁe device and aésay methodology of the

present invention a generic point-of-care platform suitable for use in one or more

diagnostic or prognostic assays performed on one or more fluid samples.

Summary of the Invention

In accordance with an aspect of the present iﬁvention a method for separating
out the fluid component of a biologic sample is provided. In one embodiment,'the
biologic sample is placed in contact with a group of microspheres and the fluid
component separates from the sample as the fluid portion flows through the - )
microspheres, by capillary action. In a preferred embodiment, the microspheres are of
a defined diameter or size. In another embodiment particles of non-uniform size |
and/or shape may be used to separate a fluid portion from a biologic sample instead of

using microspheres.
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In accofdance with an aépect of the present invention a quantitative assay
rriethod and device are provided for measuring one or more analytes in a fluid sample
using _a-poin't-o'f-care assay method and device. The assay and device are deéigped for
use by a patient, at the b-edside ofa patient, orina doctof’s office. The tesf resuits are
analyied ﬁsiri_g a suitable analyzer and; éptionally, the assay test results are
transmitted by way of digital transmission systems to pemt furthér evaluation of the
data by an off-site professional. |
The miqfospheres, or 6ther particles, act as a dynamic filter to extract or

partition a fluid portion away from the noﬁ-ﬂuid portion. The channels and the
contacts between the particles may-bg trahsier_lt since the beads exhibit motion during
the separation step. Therefore ‘th'e rapid, instantaneous capillary extractidn is by a
dynémﬁc capillary filter created by the transient'éapillary channels formed by the
interstiti;cll spaces between the microspheres or particles. |

- In accordance witﬁ an aspect of the presént invention, an assay method and .
éssay device are pro;/ided.for testing small volumes o.f fluid samplés, Suéh'as bidldgfc
fluids, includingblood, in a timely fnannér. Tﬁev ass;y device is preferably a poﬁable
assay device. In accordance with anothe‘r aspeci of the présent in\;enti'on, a _1ﬁethod ‘
and device are provided for testing biologic fluid samples in which a consistent
volume of the biologic fluid sample is tested for one or more analytes and the data
generated from the tests are used for collecting and compiling in a détal;ase
peﬁaining, for é;(ample, to a particular disease condition. Ulﬁmately the data- |
collected can be used to train neural network algorithms and the algorithms may then
be used to provide diagnostic and/or prognostic information based on the individual

test results of any given test subject.



WO 00r78917 | ) PCT/US00/13056

5

10

15

.20

9
In accordance with another aspect of the present invention in respect to the
é.naiysis of blood, the cellular components of a blood sample are sépa;a_ted from
plasrﬁa By allowing the whole blood to be exposed to microsphere bead; which permit
the plasmﬁ, but .not the cellular component, to pass in thé spaces formed beMeen the -

microspheres by capillary action. The present invention is not limited to the

_ sepération of cells from plasma in blood but includes broader applications where

microsphere beads may be used to separate a fluid component from a cellular

component in a biologic fluid. The microsphere beads are effeé_tivély acting as a fluid

. 'ﬁlter. K

According to another aspect of the present invention a device is provided for

separating plasma from blood in a sample. The device comprises a plurality of

microspheres disposed in a transiently abutting relation and forming therebetween a
pliirality of capillary channéls, whereby when the rr'licro‘sph‘eres are dispo'sed‘in fluid
communicatioh with a bléod sample cellular aﬁd plasma com_pbnents of the biologic
sample are separated by capillary flow of the plasma componént through the capillary
channels formed by the interstitial spacing between abutting microspheres.

According to another aspect of the present invention the device comprises a

B plurality of groups of smaller microspheres each impregnated with a different label

and interépersed with the larger microspheres in separate zonés of the lgrger B
microspheres. The microspheres may be of substantially the same diameter, or the -
miérospheres may be of differing diameters. The size of microsphere selected may be
based on the viscosity of the sample or the size of the component one wishes to

exclude or separate.
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In accordance with yet another aspect of the present invention, the
microspheres are bundled in a fluid-permeable material or the microspheres are

maintained in a transiently abutting relation by a surface tension of the fluid which

~ passes through them, for example plasma. In accordance with yet another aspect of

the present invention the microsphere beads, also known simplir as microsphefes, are
dried on a surface of the device.

In accordance with another a_spect of the present invention, thé device
clompn'ses a sample shelf adjécent to the fluid entrance and tﬁe microspheres are

disposed on the sample shelf. In another embodiment, the device comprises a sample

well disposed adjacent to the fluid entrance which is capable of holding the

microsphere beads in place, and which also acts to ensure that no sample bypasses the
microsphere beads.
According to yet another aspect of the present invention the device comprises

a pAlurality of smaller hﬁcrospheres_ which are impregnated with at least one label

. interspersed with a plurality of larger microspheres such that the smaller microspheres

occupy thé-interstitial spacing between the larger microspheres and release a label into
the fluid as it flows through the interstitial.spacing between the 'larger microspheres.
There may be a plurality of gfoups of smaller microspheres each impregnated with a
different label and interspersed v.vith the larger microspheres in separate zones of the
larger miérospheres. | Alternatively, the smaller micfospheres may be mobilized and
carried forward by the fluid as it passes along the capillary channels formed Ey the
lz;.rger microspheres.

In accordance with another aspect of the present invention, the device

comprises an indicator means containing identification information to be associated
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with results of the assay (e.g., patient information), for example a bar code which can
be read by a bar code reader.

According to another aspect of the present invention, a method of separating
fluid from a biologic sample is provided.‘ The Asample has a fluid component and a
non-fluid component and the method comprises the steps of,

(a) - bringing the sample into fluid communication with a plurality of
microspheres disposed in a transiently abutting relation and forming therebetWeen a

plurality of interstitial spaces which connect to comprise transient capillary channels,

-~ and

(b)  collecting the fluid component as it is separated by capillary flow of
the fluid component through the capillary channels. |

According to another aspect of the present invention there is provided a
method of assaying a fluid sample which utilizes a device comprising a capiilary
chamber defined by first and second opi)osed surfaces spaced a capillary distance
apart having a fluid entrance and at least one reagent diéposed ‘vvvithin the capillary
chamber, comprising the steps of, |

(a) cohveying a fluid sample into fluid communicatioh w1th the fluid

entrance such that the fluid sample is drawn into the capillary chamber by capillary

" action and reacts with the reagent, and

(b) analyzing the reagent to detennine whether the reagentvbinds to an
analyte in the fluid sample. | |

According to another aspect of the present invention the method further
comprise the step of analyzing the reagent to determine a proportion of the reagent

which binds to the sample.



WO 00/78917 : . PCT/US00/13056

10

15

20

12

According to another aspect of the present invention, the method further

comprises a plurality of capillary chambers for conducting a pluralify of assays on one

or more fluid samples.

According to another aspect of the present invention the results of the tests are
recorded in a computer database and may be further applied in a trained neural
network algorithm to generate a profile of one or more selected disorders. The assay
further comprises the step of applying a receiver operating characteﬁstic analysis to .
the data to determine a statistical significance of the data. |

In accordance with another aspect of the present invention a wick or a

capillary is brought into fluid communication with the fluid sample to remove the

fluid sample from the capillary chamber.

In accordance with another aspect of the present invention miciospheres are
used to separate a cellular component from a fluid component in a biologic fluid, for
example plasma from whole blood, and the resulting fluid companent can be tested in

conventional chromatography test strips. Furthermore, the microsphere beads of the

. present invention may be used as a labeling device, in addition to a filtration device,

- in standard nitrocellulose chromatography assays.

In accordance with another aspect of the present invention, microspheres are
used to separate and/or concentrate microbial contaminants from a suspension of a
sample to detect the presence of and quantify the numbefs of microbial contaminants
in the sample. Such samples may include, for example, food, water, >soi1 or fecal
samples.

In accordance with another aspect of the present invention, a device for

assaying a fluid sample comprises a chamber defined by two non-contiguous surfaces



WO 00/78917 ' : PCT/US00/13056

10

15

20

13

and having at least one fluid entrance. Hereinafter we refer generally to such a device

- as a “biochip”. The non-contiguous surfaces of the biochip are separated by a

distance sufficient to create capillary flow of the fluid sample into the chamber
through the fluid entrance. The biochip further includes a dynamic capillary filter -
which is in fluid communication with the fluid entrance and which also includes a
plurality of particles. The particles are in a transiently abutting relation with one
another and form interstitial spaces therebetween, whereby when the fluid sample
‘cc‘mtacts. the dynamic capillary filter, the fluid sample flows into the dynamic capillary
filter, whereup§n a fluid component of the fluid sample is separated from a nén-ﬂufd
component of the fluid sample by passage through the interstitial spaces of the
dynamic capillary filter and the fluid compohent thereafter flows into the chamber
through the fluid entrance.

In accordance with another aspect of the present invention, the biochip further

“includes one or more reagents. An analyzer capable of detecting a reaction between

the reagent and at least one analyte that may be present in the fluid sample is provided

to constitute an assaying system with the biochip The biochip includes a chamber

_ defined by two non-contiguous surfaces and having at least one fluid entrance. The

non-contiguous surfaces are separated by a distance sufficient to create capillary flow
of the fluid sample into the chamber through the fluid entrance. The device ﬁlnﬂer
includes a dynamic capillary filter which is in fluid communication with the fluid
entrance and which also includes a plurality of particles. The particles are in a
transiently abutting relation with one another and form interstitial spaces
therebetween, whereby when the fluid sample contacts the dynamic capillary filter,

the fluid sample flows into the dynamic capillary filter, whereupon a fluid component »
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of the fluid sample is separated from a non-fluid component of the fluid sample by
passage through the 1nterst1t1al spaces of the dynamic capillary filter and the fluid

component thereafter flows into the chamber through the fluid entrance. One or more

Teagents can be bound to an interior face of at least one of the non-contiguous

surfaces. The reagent is capable of reacting with one or more analytes that may be

present in the fluid sampie. As set forth above, the assayiﬁg system further contains

-an analyzer capable of defec'ting a reaction between the reagent and at least one of the

one or more analytes that may be present in the ﬂuxd sample.

In accordance w1th another aspect of the present invention, a method fer '
detecting or measuring the amount of a component of a fluid sample comprises the
steps qf:‘ |

a) providing an assay device that includes a biochip, whicﬂ includes a

chamber defined by two non-contiguous surfaces and having at least one fluid

entraﬁce. The non-contiguous surfaces are separated by a distance sufﬁcient‘
to create capillary flow of the fluid sample into the chamber through the fluid
entrance.' The device further includes a dynamic capillary filter which isin

fluid communication with the fluid entrance and which also includes a

plusality-of particles. The particles are in a transiently abutting relation ';?Vith'

ene another and form interstitial spaces therebetWeen, Whereby when the fluid
sample contacts the dynamic capillary filter, the fluid sample flows into the
dynamic capillary filter, whereupon a fluid component of the ﬂll'id- samp‘le is
separated from a non-fluid component of the fluid sample by passage through
the interstitial spaces of the dynamic capillary filter and the fluid component

thereafter flows into the chamber through the fluid entrance. The biochip may
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further include one or more reagents bound to an interior face of at least oné of
the non-contiguous surfaces. The reagent is capable of reactiné with oﬁe or
more analytes that may be present in the fluid sample. The assay device
further contains the analyzer capable of detecting a reaction between the
reagent and at least one of the one or more analytes that may be present in the
fluid sample;
b) appiying the fluid sample to thevassay device under conditions under which

the fluid sample passes through the dynamic capillary filter and thereafter into

- the chamber through the fluid exitrance;

c) detecting a preéence of a reaction product formed as a result of a reaction
between.the reagent and one or more analytes that may be f)résenf in the fluid
sample; and

d) optionally, measuring at least one of an amount of and a concentration of

the reaction products.

In another aspect of the present invention, there is provided a method for.

assessing pre-and post symptomatic health conditions of a patient, comprising the

steps of:

a) obtaining a bodily sample from the patient;

b) analyzing the bodily sample for the presence, absence, and optionally a

20  concentration or amount of an analyte;

c) repeating steps a) and b) a desired number of times, the desired number

being at least once, to create a data pool for the patient;

d) constructing a database, based on the patient’s medical history, current

health and the data pool;
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€) inpuﬁing numerical values from the databése into a neural network
algorithm, the neural network algorithm being optimized to predict a health outcome
from the numerical values; aﬁd |
f) producing a;predicted health outcome from the step of i_nputtiﬁgb numerical
values into the neural network algorithm. |

In all aspects of the present invention described herein which use uniform

- microspheres of dcﬁnéd s.h'ape' and size, the microspheréé could bé replaced_by_nbn-

uniform particles of differing sizes and/or shapes as described further below. For

example silica sand could be used to replace the polystyrene microsphere beads.
_Othei' suitable particles would be known to a person skilled in the art having the
benefit of the present description. | |

Other and further details of this preferred embodiments aré described in the -
Detaiiea Description of the Preferred Embodiments together witﬁ the drawings |

described below.

Brief Description of the Drawings

For the -;)mpo-ée of iilustrating the inveption, Vthei'e is shown in tﬁe draWings a
form which is presently pfeferred. It is not intended that this invention be Iimitedlto |
the precise arrangements and instrumentalitie; shown. The present invention will be
described in detail with reference to the accompanying drawings, in which like
numerals denote ﬁke parts in the several viéws, and in which:

Figure 1 is an schemzitic, exploded, perspective view of an embodiment of the

device of the present invention.
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| Figure 2 isa longimdmal cross section of the p;'éferred embodiment illustrated

in Figure 1 along line 1A - 1A. |

Figure 2A is an end elevation view 6f the device illustrated in Figure 2 taken
from the perspective of line 2A - 2A.

Figure 3 is a side view of an embodiment descrif:ed in Example 1 illt;straﬁng
the cover slip in relation to the beads when starting to form thé curl,

figuie 4 is also a side view of an embodiment described in Example 1
illﬁstrating the curl after formation;

Figure 5 is another side view of an embodiment described in Example 1

i_llustréting the position of the cover slip in relationship to the beads on the microscope

- slide.

Figure 6 is a top plan view of an embddiment déscﬁbéd in Example.l .

Figure 7 is a side view of an embodiment described in Example 2 illustrating
the label pad variant. . |

Fi_gurev7A is a side view of another embodiment described in Example 2
iilustraﬁhg the replacement of the label pad with microsphere beads. -

.F.i.gure 8 illustrates an example ROC curve for the expected test results for a
neural network risk analysis test.

Figure 9 is a photomicrograph taken at 400x magnification using a light
powered microscope showing the appearancé of unseparated yogurt as applied to the
shelf of the biochip. | |

Figure 10 is a photomicrograph taken at 400x magnification using a light-
powered microscope showing a fluid portion of the yogurt seen in Figure 9 after

separation using microsphere beads having a 15 um diameter.
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Figure 11 is a photomicrograph taken at 400x magniﬁcation‘ u;sing a light
powefed microscope showing a fluid portion of the yogurt seen in Eigure 9 after
sepa;étioh uéing micrésphere beads having a 10 pm diameter. |
| Figure 12 is a bhotomicrograph taken at 400x magnification ﬁsing a Iighf

powered microscope showing the appearance of unseparated E.coli and bread

suspension as applied to the shelf of the biochip.

Figure 13 is a phbtomicrograph taken at 400x .rnagniﬁcation using a light
powered microscope s;howing a fluid portion of the E.coli/bread éuspénsion seen in
Figure 12 after separation using microsphere beads having a 15 pm diameter.

‘ Figure 14 is a photomicrograph taken at 400x magnification using a light
powered. micrqscope showing the appearance 6f unseparated cow feces as applied to
the §helf of the biochip. |

Figure 15is a p}iotomicrograﬁh taken at 400x magnification using a light

powered microscope showing a fluid portion of the cow feces seen in Figure 14 after

separation using microsphere beads having 15 micromefer diameters.

Figure 16 is a photomicrograph téken at 400x rﬁagniﬁcation using a light
powereﬂ rﬁicroscope showing a fluid pbrtion'of the cow feces seen in Figure 14 after
sebaratioh ﬁsing microsphere Eeads having a 10 um diameter.

Pigure 17 Ais a phbtomicrograpil taken using a light powered microscope

showing silica sand as applied to the shelf of the biochip and showing a 1 mm scale

. illustrating the size of the silica sand grains.

Figure 18 is a photomicrogré.ph taken at 400x magnification using a light
powered microscope showing a fluid portion of the E.coli/bread suspension seen in

Figure 12 after separation using silica sand grains.
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Figure 19 is a photomicrograph taken at 400x magnification using a‘light
poWered rﬁicroscope showing a fluid portion of the; cow feces sﬁspeﬁsion seenin
Figure 14 aﬁer‘ separation using silica sand grains.

l Figure 20A is a perspective view of the top portion of another embodiment of
the device of the present invention, showing a well in which the microsphere beads
may be i)laced.

Figure 20B is a is a perspective view of the bottom portion of .anothef :

embodiment of the device of the present invention, showing tracks in which a cap

| may be slidably placed.

Figure 21 is a perspective view of a cap that fits slidably over the device of

Figure 20 to hold the beads in place.

Detailed Description of the Preferred Embodiments

The present invéntioﬁ relates to a method of separating a fluid component
from a biolo gic sample using microsphere beads or other suitable particles.‘ The
present invention further relates to a device and a method for analyzing the presence
or absence of an ana}yte ina biologic fluid sample. The invention also relates in one

aspect to quantifying with precision the amount of one or more analytes present in a

biologic fluid sample. The preseht invention can also provide quantitative as well as

qualitative results. The present invention further relates to a method for intefpreting_
test results obtained by the methods of the present inventibn and can be used té further
identify certain medical conditions from which a person or animal may be suffering or
is likely to suffer from in the future. The present invention further relates to a

prognostic assay technique in which the results of the test assay defined in the present
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invention may be used to predict the likelihood of a person or animal developing a

certain condition or disease state at a future time. These various embodiments are

J descﬁbgd in detail herein. A

Although the preferred embodiments described herein are described thh
resﬁect to tﬁe testing of huma.q biologié sambles itis wéll understood that suéh assays
and methodologies could 'equally be used for assessing biologic samples in 61her
animals, In parti_cbular the present invention wbuld clearly have applicability to

veterinary services and in research laboratories. Furthermore;, the term fluid sample as

- used in this specification, is intended to be interpreted broadly to include suspensions

and other samples that have a fluid portion which can be separated by fluid flow

‘and/or capillary action. For example, suspensions of food, water, soil, or fecal matter

could be tested for the presence of micrébial, i.e., viral, bacterial, or fuﬁgal,
contaminants. |
" In a biologic fluid sample having a ﬂuid component and .a non;ﬂuic‘i
componeﬁt, thé fluid 4component contailling an ana.lyte of interest the present '
invention may be used to measure any of thé fol_lowing, alone or in combiﬁation:
| a)the presence of the analyfe in fhe sample; |
b)the absence of the ané_lyte in thé sample;
c)concentration of the analyte in the sa;nple; or
d)total amount of analyte in the Sample.
Suitable analytes whiéh may be measured by the assay and device of the. A
present invention include soluble analytes; i.e., enzymes, proteins, bacteria, fungi,
viruses, antigens, antibodies, immunoglobplins, drugs, and hormones. Other suitable

analytes would be known to one skilled in the art. The assay and device of the present
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inveﬁﬁoﬁ are also useful for the detection énd measurémcnt of drugs of abuse in
human bioiogic samples, such as performance enhancing drugs or street drugs.
| Some biologic samples can be aséayed without first separating out cellular
components; however, in many cases, it is necessary to first separate fhe fluid

component _vfrdm any cellular components. For example, in the case of blood, the

: céllulér‘componexft can interfere with the assay. Therefore, the plasma must be -

s‘ep.argted from the cellular éomponents so that thé cellula; components of the blood
do not interfere with the.testing for the analyte rwhich is present in the plasma.

It is recognized in the present in?ention that, surprisinglj, the fluid component
of a biologic sample can be separated from its non-fluid component by applying the
sample to a group_ of particles, such as microsphere beads. When the sample is
applied the fluid component flows in between the particles as ﬁhey moire, fonning
transient channels or porés. In this manner, the fluid components”o.f the _safnple are
separated from the cellular componentsvin a simple and effective way. The beads act
as a means of separating the fluid component from the non-ﬂuid component as the

fluid component moves by capillary action, through the spaces trémsientlyvformed

~ between the particles. So, in the case of blood, plasma is sepér’ated from tﬁ_é cells,

such as leukocytes, erythiocytes and plateletsA, in the blood sar’np.le, quickly a.nd
efficiently. | | -

In a preferred embodiment, the particles are latex microsphere 6r polystyrene
beads, such as those sold under the trademark Bang’s™. The beads are supplied in a
liquid suspension. The beads can either be kept moist or dried when used. Other .

types of particles could be used in the invention, including glass, so long as the
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particles are effective to separate the fluid components of the sample from the non-

fluid components.

For the p@osés of this patent application the spaces between the beads are
called “interstitial spaces™ or “pores”. It is believed that the fluid flows by capillary
action from one intersti_tial space to the next. The microsphere beads act as a fluid = -
filter and as such can be used at any point in an assay where simple fluid filtration,
sepafation or partitioning, is required. Since it is believed that the microspheres» ’act to
filter, fsep‘arate or partition fhe fluid component from the non-fluid component by.
capillary éction, the microsphere filter may be termed a dynamic capillary filter and

this term is used for that purpose herein. The capillary filter is a dyhamic filter in the

sense that the beads are seen, under a microscope, to move randomly and without an

overall direction of movement during the partitioning o}" the fluid component. At any

. one point in time, some beads move and others remain still but overall random but

directionless movement of the beads is observed microscopically; It is expected that
with the movement of the beads at any one time some capillary channels will be
closed and others will be open. In this sense, the capillary channels may be traﬁsiént.
The interstitial spaces between the beads or particles, as well as the contact between
ihe\beads, are also expected to shbw the same transience with respect to movement of
the beads or particles during fluid partitioning.

The flow of thé fluid i)aséing through the interstiﬁal spaces between the beads
is likened to flowing along channels formed by the spaces.between the beads. The
channels are referred to as “capillary” channels because it appears that the fluid flows

between the beads by “capillary” action.
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The size of t.he space formed between the microspheres is a function of the
radius'of cﬁrvature of the microsphcres..' The radius of curvature is, for the purposes
of the present invention, the same as the diameter of the microspherg. 'I-‘o' understand
the relationship between the microsphere bead size and the pore siie which is formed

between the beads, it is known that the ratio of the microsphere diameter to pore .

. diameter is approximately 1 to 0.4. In the case of separating out the plasma f_rom

whole blood, a poré siée of 4 um is considered optimal. Therefore, the bead size for
this particular embodiment is 10 pm. This permits an easy fluid flow (and therefore
faster fluid flow) while still preventing cells from passing through the pores. The
small spaces formed between the beads provide a certain capillary force when a fluid
is pﬁ:sent. When the détection of bécterial contaminants of a sample is desired, the
optimal bead size is 15 pm, due to the larger size of the bacterial cell. »This provideS
pore sizes of 6 pm. |

It has also been found, surprisingly, that particle;s of non-uniform size and
shape also work, in accordance with the principles of the invention as taught herein.
Specific examples of non-uniform particles are described in Example 7 below.- It is
understood that the following description with respect to microsphere beads teaches
the pdﬁciples which are also applicéble to the use of other similar separation particles
such és silica and otﬁer equivalents.

In the present invention the use of microsphere beads is an effective and
inexpensive means for separating plasma from whole blood, as the erythrocytes and.
leukocytes in the blood will stay on the side of the beads where the sample is applied,
while the plasma portion of the blood sample will pass through the beads, by

capillary-like action along the interstitial spaces or pores formed between the beads. 7
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It is considered that the capillary action 6bserved in the present invention is related to
the surfacé tension exerted by the microspheres on the fluid so as to draw the fluid in
a direction away from the-beads.

As the fluid is drawn between the microspheres it provides the additional
advantage of mobilizing any reagents present in the region of the microspheres_.‘ For
ex_afnpie, the microspheré layer could be impregnated with secondary antibodies or -
another defcction molecule. The microspﬁeres alternately may contain analyte-

specific antibodies bound to them, for example, by adsorption or coupling. As the

* fluid containing the plasma‘passes through the capillary channels formed by the

microspheres the analyte will mobilize the secondary antibodies contained on the
microspheres and then react with the primary antibodies contained in the biochip.
However, the mjcfospheres may act solely to separafe the cellular éomponent from the
fluid component and the microspheres need not be labeled with antibodies. |

Prior art technology has used chromatographic paper or other fibrous materiél
to wick the fluid component of a biologic sample away from the cellular component in
order to perfoﬁh tests on the fluid portion without interference from the cellé or other
substances present. in the sample. The rhicrosphercs of the present inventién provide
an advantage over the prior art technology because it provides improved fluid flow |
without restriction by the fiber which is present in the chromatographic paper. The
microspheres provide a further advantage in that they provide an excellent surfa;:e for
binding of proteins such as antibodies or other suitable labels.

The size of the microsphere beads used to separate the fluid component can be
varied based on the viscosity of the sample. Larger beads may be used for more

viscous samples for faster fluid flow between the beads. The beads may be of a size
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up to 5,000 um in diameter. Preferably, the beads are of a size up to 50 um in

diameter. More preferably, the beads are in a range between 5 and 15 um in diameter.

_ Also, beads of different colours may be used to facilitate visualization of the beads‘

When they are used as labels and bind to the analyte. The bound beads also serve to
increase the density of any bound analyte for subsequent detection by a spectrometer.
The regular pattern of the beads also means that light absorption differences could be
used for detecting and measuring bound analyte.

The use of microsphere beads to quickly separate out a fluid component from
a biologic sample can be incorporated into assays for detecting and quantifying
aﬁalytes present in the sémple. According to one aspect of the present inventi§n this
method of separating out a fluid sample from a biologic sample using microsphere
beads is incorporated into a one-step assay for analyzing one or more analytes which
may be present in the fluid sample. The assay is performed in association Wim a
chamber of defined volume. Iﬁ a preferred embodiment the chamber is associated
with microsphere beads for separating out the fluid sample and detection means for
detecting and/or measuring an analyte in the sample. The detection means may be
drawn from any of several kno% methods for detecting an analyte in 2 sample. For
example, the analyte may be recognized using a detection protein, such as an antibody
or antigen, which is specific to the analyte. The detection protein may bind to thév
analyte and itself be detected in any of a number of ways known to those of skill in
the art. For example, the detection protein may be an analyte-binding protein that is
linked to an enzyme that produces a colored reaction product upon incubation with an
appropriate substrate, as is normally done in ELISA-type assays. Alternatively, the

detection protein may be bound to another label, which can be detected. Suitable
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labels inplude ;ﬂetals such as gold, fluorescent labels_, chemical labels, or coloﬁmetﬁc
labels. ‘-
The present invention also pertains to point-of-care diagnostic or prognostic

tests, which may include a small chip or cassette for use in assaying biologic samples

‘'such as blood. The chip or cassette can be referred to as a biochip, as that termed is

broadly deﬁned above. Tﬁe biochip is created by a p;cliring togefher of two carrier
surfaces in order to define a specific volume in whicﬁ a éuantitative measurement of
analyte(s) present m a sample may be measured. In a preferred embodiment the
surfaces in question are a coverslip and a microscope slide buf the present invention is
not intended to be limited to only these specific embodiments. An importapt aspect of
the present invention is the fact that a fluid sample enters a space of defined volume

By capillary action. The defined space is therefore referred to herein as a capillaiy

‘chamber. In the case of a microscope slide and coverslip the capillary chamber is that

volume of space between the bottom of the cover slip and the top o_f the slide. .

The amount of fluid Aw‘hich is pfesent béﬁweén tﬁe i:iates or slides is
determined by the volume of space between the slides. Plates of larger surféce»éreas
would require greater sample volumes, a-nd, con-versely, plates of sAmaller'surfacé areas
réquire smaller sample volumes. Test systems can bé designed which allow for
precision testirig o-f very small volumes, in some cases, as small as a few microliters.

This facilitates assays of samples having very small volumes, i.e., a droplet of blood

. from a pinprick. The distance between the two plates is limited only by the ability of

the plates to effectively draw a fluid such as plasma between the two plates by

capillary action and to retain the fluid in the defined volume. The size of the plates
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used would also be dictated by practical considerations such as the desired \}olume for
testing.
The small sample size required for the present invéntién also would be useful
in medical research that employs experimental animals, such as rodents. By -

employing smaller bodily samples from each individual animal, it is possiblé to take

multiple samples from the animal over short periods of time. In this fashion, fewer

animals may be needed for each expeﬁment, since in place of multiple animals to -
follow the results of a particular treatment, multiple samples may be taken from thé :
same animal af difﬁerent_times. | |

In order t§ quantitativcly measure the concentration of an analyte in a sémple
and to compare test results from one test to another it is advantageous to have a
consistent test volume of the fluid sample each time the assay is performed. In this -
way the analyte measurement is assessed directly without having to adjust for varying
volumes. The concentration or.qﬁantity of analyte can be assessed directly without
difficulty and with consistency from test to test. The chamber of thé biochip of the

present invention provides that defined volume. The chamber may also Have a

standardized volume for comparing the results of the assay to those obtained in other

assays.

Oﬁce in the capillary chamber, the fluid sample is retained by way of surface
tension at the ends and edges of the two surfaces. In another embodiment the plates
are joined together such that the fluid sample may be readily removed,.i.e., at the end
opposite the point of fluid entry. In this regard, the samplé may be removed by
contacting the sample with a wicking af the end of the chamber opposite the point of

fluid entry to withdraw the sample in the chamber. The wick may be a bibulous
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matenal or any material capable of mthdrawmg the sample via capxllary acnon mass
action transfer or the like. In this fashlon the entire ﬂurd component of the sample
may be passed through the chamber.

The biochip is of a small size which makes it easily portable. The biochip can

_ be inserted into an analyzer and reaction products between the analyte and detection

- molecules then can be measured using the analyzer. The biochip may be adapted for

use in a vertical orientation if a means is adopted to hold the microspheres in place.

For example, a Nylon™ mesh or the like may be used to hold the beads, or the beads

‘may be trapped in a fluid permeable matrix affixed to the biochip: For the purposes of

describing certain preferred embodiments the carrrer surfaces will be Vreferred to as
plates; however, th.e invention is not to be limited oniy to flat plates. Similarly, all
types of surfeces which are able to bind oroteine, antigens and other detection |
molecules are contemplated as being within the scope of the present invention. ‘
Sneciﬁcally ttxe compoéition of the cam'er surface of the biochip may include, but is

not limited to, glass, plastic and metal. It should be noted that the carrier surface

- should not be comprised of a material which interferes with analyte detection. Ina

preferred embodlment the carrier surface ismade of a plastrc such as polystyrene
which can be manufaetured at a minimal cost, makmg it ideal for single-use
applications.

| In a preferred embodiment of the present invention a drop of ‘a biologic
sample, such as blood, a blood product, urine, saliva, semen, and the like, is placed on
the top surface of the microscope slide and, before entering the capillary chamber, the
cellular component of the sample is removed by movement of the fluid component

through a group of microsphere beads. For example, in the case of blood, the plasma
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is separated from the cellular components of blood by movement of the fluid
component of the sample through capillary channels in interstitial spaces between the
beads. Then the fluid enters the testing chamber in which the analyte reacts with
reagents in the chamber and the reaction product is a measure of the analyte present in
the sample | |

Once the fluid has entered the deﬁned space it may be exposed to one or more

reagents present on an interior face of a carrier surface The reagents are exposed in

the capillary chamber and available for reacting w1th one or more analytes which may
be present in the fluid sample which ultimately fills the capillary chamber. The
reagents are labelled and the qilantity of analyte present in a fluid sample is measured
based on é reaction product which results from the interaction of the analyte in tﬁe
sample with the reagent in the chamber. The test results are then compared to
standard calibrations to determine the quantity of analyte present in the sample. .

7 Ina preferred embodiment of the present invention the reagent is one or more
analyte epeciﬁc antibodi"ee which Vare adhered to the carrier surface. Altefﬁatively; in
aneiher einbbdiment, an antigen is present on an interior face of the cafrier surfaee
aﬂd the amount of antigen specific -antibody in fhe sample is measured. Wheﬁ Bou_nd
to the carrier surface the protein or other detectidn molecule will project into the |
defined space where it can react with the analyte in the sample The detection
molecule which is present on the interior face of the carrier surface may be bound to
the surface by any one of several means known to a person skilled in the art.

Detection molecules are either coated, printed or otherwise bound to one plate
or the other using one of several techniques well known in the art. Numerous |

techniques for immunoassays are known to persons in the art and are described, for
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example, in “Principles and Practise of Immunology” (1997), C.P. Price and D.J.
Newman eds. (Stockton Preés) and this document is hefeby incorporated by reference
into the instant patent application and made a part hereof as if set out in full herein.
Analyte-specific antibodies themselves may be labeled with any one of several

labels known to persons skilled in the art of such>assays. Examples of preferred labels

- include ﬂuorescent labels, colorimetric labels, another microsphere, gold particles or

any high contrast molecule Other labels would be suitable so long as the presence of
the label can be detected. Similarly microsphere beads havmg a dla.meter which is
smaller than the test beads can be used so that the smaller beads are moblhzed through
the larger beads with the movement of the fluid sample (e.g. plasma). The smaller
beads can be laﬁeled accordingly.

When the fluid sample containing the analyte enters into the defined spa\ce

" . between the two plates a further antibody-antigen reaction may occur. In a preferred

15

20

embodiment of the present invention the upper plate, for example a coverslip, has

- analyte-specific reagents bound on the surface which comes in contact with the fluid.

The analyte-specific reagents may be printed on the interior surface of the plate using

“a protein printer. Suitable protein printing devices are well known in the marketplace.

These include ink Jet, spray, piezo-electric and bubble jet protein printers. The piezo-
electric printer is preferred. Such a printer is available from Biodot (Irvine, CA). The
analyte-specific reagent acts as a detection molecule, typically proteins. These
molecules adhere to glass, metal and plastic surfaces. Preferred surfaces include
polystyrene or polypropylene. The use of such printing devices is advantageous in the
present invention to allow several different analyte-specific detection molecules to be

printed onto the plate or coverslip such that different “lanes” are defined and different
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| analytes may be assessed simultaneously using a single fluid sample. Additional

backgfotiﬁd and calibration lanes can be provided in the. same test chamber.

After the analyte reacts with the analyte-speciﬁc detection molecule a
measurable reaction product will be produced. It is preferred that the biochip carrier
surfaces be colorless or transparent such that a colorimetric, or fluorescent or other

reaction products can be read using a suitable spectrometer or other apprbpriate

. detection coupled to a reader. When the analyte and analyte-specific detection .

molecule react together there is a change in the intensity of the reaction product in the

- reaction lane. In a preferred embodiment of the present invention, the change in

intensity is measured to determine the amount of analyte present in the samplp. In
order to reduce the background noise and thereforé increase the sensitivity of the
assay a mask may be provided. Refefring to Figure 1, the mask 32 is made ofan
opaque material except for the openings 36, 38 and 40 wﬁich correspond to lanes 26,
28 and 30 on the plate. The mask is designed to fit neatly over the upper plaﬁe 10 so

that only the lanes themselves are available to be read. ‘The use of the mask has the

_ ad\}antage of reducing the amount of background noise and setting baseline values

when reading the density change in the lanes.
| In another exainple, the space between the two bplates could be divided into
lénes and the volume of each lane wouid similarly i)e known. This approébh would
allow multiplé tests to be done on a single sample. |
In the pfesent invention itiis desirable that the tést results be made available in
a short time frame, preferably on the order of 1 to 30 minutes, from beginning to end.
An advantage of the presént invention is that the fluid sample enters the test chamber

in a shorter time than prior art assays, since the use of microsphere beads to separate
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the plasma from the blood sample eliminates the delay which would occur using

fiberglass or chromatcgraphic strips. Cumbersome equipment such as a centrifuge is

‘not required for cell separation. The increased speed and simplicity of the present

invention facilitates the test being performed at the point-of-care.
The present invention has further advantages over the prior art since the

biochip device of the present invention permits several assays to be performed on one

- sample. This facilitates the speed with which test results can be obtained and

minimize; the amount of sample reqqil;ed for testing.

In a preferréd asf)ect of the present inventioil, the biochip is designed to be
read by a portable spectrometer which reads for example, the 'chaﬁge in color after the
analyte has reacted with the labeled antibody. The spectrometer could also read
changes in density, film thickness, mass absorption or diffraction depending onthe’
test r'eagénts used. In a preferred embodiment, the spectrometer is a DNAécope_
(Biomedical Photometrics, Inc., Waterloo, Onfario, Canada). \Oncé the analyzef, e.g.
;the spectfometer, has performed the neces;c,ary data calculations the results are

transmissible by digital transmission over the telephone lines, by cell phbrie, or other

- computer network system. Alternatively, changes occurring during an

antibody/analyte reaction may be detected or measured by changes in radio frequency

if a radio frequency sensor is incorporated into the biochip detection system.

Alternatively, changes in the concentration of a fluorescent reaction product may be

detected using a fluorimeter.
Data obtained by the methods and devices of the present invention may be
accumulated in one or more databases to provide a resource for diagnosis and

prognosis. For example, data obtained from a large number of patients afflicted with
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é disease or éondition that is associated with a change in a measurable parameter, i.e.,
cdncentration of a metabolite or enzyme in the blood, can be pooled and compared to
the values obtained for the same parameter in unafflicted patients. Then, a patient

suspected to be suffering from the same disease or condition can be diagnosed based

- on the values obtained for the parameter. The devices and methods of the present

inifention are advantageous in that they are amenable to point-of-care diagzlésis, and
further the small éample sizes required for the assays permit multiple and ongoing |
determinations of the values for the parameters. ‘Therefore, the efficacy of treatment
regimens can Be followed on a small time scale, sb that the delay between treatment
and parameter measurement is minimized.

Alternatively, because the present invention enéble; multiple point-of-care

measurements, a database may be created for each individual patient, based on the

numerous measurements taken over a relatively short period of time. In this manner,

the progress of the patientv can be monitored virtually continuously, and compared to

his or her condition at earlier time points to assess improvement or deterioration in the

* patient’s condition.

In addition, the data obtained for multiple patients can be used to track the
initiation and deveiopmerit of disease conditions. Measurements taken of multiple
parameters in a large population can be assessed to detect correlations between

changes in measurable parametérs and the development of a disease. Once such

- correlations are detected, an individual can be measured for changes in the parameter

that are prognostic of the development of the disease.
Turning to the figures, Figure i, a preferred embodiment of the biochip of the

present application is illustrated in a schematic exploded perspective view. Two
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carrier plates 10 and 12 are provided. The two plates define a fixed volume
therebetween that creates a chamber 14. Lower plate 12 may be longer than upper
plate 10 to provide a shelf which acts as an application zone 16 upon which a biologic
sample 18 may be applied. A shelf is not essential to the invention but provides aA
place to allow the sample to be separated by the mi‘crosphere beads.

Aiso affixed to application zone 16 is a collection of micfospﬁere Eeads 2-0
which may or may not also include a label zone 22. The microsphere beads ‘20 may

be grouped or bundled using a fluid-permeable material. For purposes of the

- schematic illustration, in Figures 1 and 2, microsphere beads 20 and label zone 22 are

illustrated as separately defined regions; however microsphere beads 20 may also
bear the label themselves and in this embodiment the two zones would converge into

one with the microsphere beads playing two roles: separation of the fluid and

displaying a label to which the fluid is exposed. It is possible that the beads could be

placéd at the en&ance of capillary chamber 14 within the confines of the pléteﬁ and the
sample Would be appliéd to the edge of the biochip where it would énfer the chamber
By capillary action. Furthermore, although label zone 22 is shown as preceding
microsphere zone 20, label zone 22 could also follon microsphere zone 20, or
multiple label zones 22 could be placed before and after microsphere zone 20, as
desired.

Alternately, as shown in Figure 20A, microsphere beads 20 (not show1;1) may
beheldin a Well 71 having an outlet 72 in fluid communication with chamber 14 on a
surface 73. Well 71 holds microsphere beads 20 in place, and outlet 72 has an
opening that is smaller than the diameter of microsphere beads 20. Qutlet 72 canbe

fabricated by i.e., use of a laser to have an opening less than the diameter of
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micrésphere beads 20. In this embodiment, fluid sample 18 (not shown) is applied to
well 71 containing microsphere beads 20, and must first pass through rriicrosphere
beads 20 before entering outlet 72. In this manner, none of fluid sample 18 can enter
chamber 14 before passing through microsphere beads 20. This embodiment has the
advantage of greater sample treatment reliability.

Alternately, outlet 72 may be greater than thc; diérneter of microsphere beads »
20 if éteps are taken to block passage of microsphére beads 20 through outlet 72 into

chamber 14. For example, outlet 72 may be in the shape of one or more holes, and a

- ball placed in outlet 72 could block passage of microsphere beads 20 through each

hole of outlé_t 72 if the difference in diameter between the ball and outlet 72 is less
than the diameter of microsphere beads 20. Alternately, outlet 72 may be in the shape
of a channel, and a rod having a length substantially equal to that of the channel could
be used to block passage of microsphere beads 20 through outlet 72, so long as the
difference in diameter between the rod and outlet 72 is less than the diameter of
microsphére beads 20. In this case, by “substantially equal”, it is meant. that the

length of the rod is such that none of microsphere beads 20 can pass through the

~* channel to outlet 72 at the ends of the rods. In general, outlet 72 may be of any shape

20

so long as there is a matching element that can be inserted into outlet 72 and block
passage of microsphere beads 20 into chamber 1‘4 through outlet 72.

More than one size of microsphere beads m;1y be present. In one embodiment,
smaller microspheres could nestle in the interstitial spaces fbrmgd by the largér béads.
The smaller beads could carry secondary labels which would bind to the analyte as it
passes through the beads. Either the label would bind to the analyte in the fluid or the

label attached to the small bead would attach to the analyte in the fluid and the small
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_beads would then travel with the fluid into the capillary chamber. At the same time

ahy cellular component in the fluid sample would not pass through the microsphere
bead filter.

A sample ID may be affixed to either plate 10 or 12 so long_as it does not
interfere with the test detection areas on the biochip or with reading the biochip after
analyte h;as reacted wii;h the substance bound to the carrier plate surface. Ina
preferred embodinﬁent, the sarﬁple ID is in the fofm of a barcode. The plateé 10 and
12 are préferably colofless and/or transparent.

Three detéction areas 26, 28, 30 are printed on the inner surface of carrier plate
10: a calibrﬁtioh print zone 26, a detector print zone 28 and a baseliné print zone 30.
Three detection areas, or zones, are depicted for example only to illustrate how one
test biochip may be set‘up; however, several langs may be present and thé number of
lanes dedicated to calibratic;n and/or background can vary depending on what is being
tested.

The test néed not be limited to only three lanes. Several lanes coﬁid be
defined. In a preferred embodiment of the present invention three lanes are priﬁted on
the one plate to permit assessment of background readings as Wéll as calibration of the
Biochip; It is understood that the background and calibration detection zones need not
all be placed on the same biochip. It is advantageous to have the background and
calibration readings made on the sarhplé_ carrier plate in the same assay as the test
analyte thereby reducing the variance in test results.

A background mask 32 is optionally provided. The mask is designed to cover
the outer surface of the carrier plate 10 without blocking the coated or printed

detection zones/lanes. Therefore, openings 36, 38 and 40 are, for example, present in
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the mark to reduce background interference when reading test results. The |
background mask is made of an opaque material with openings 36, 38 and 40 which
correspond to the detection zones 26, 28 and 30 identified on the inner surface of the
upper plate. The opening 40 in the mask need not have a corresponding test zone 30

as illustrated s0 long as the opening 40 is exposed to a part the plate 10 where

reagents are not present. .

Although Figuré 1 illustrates both an antibody/label zone 22 and a
microsphere zone 20, both of these zones are optional depending on the type of test
one chooses to conduct. When fluid sample 18 is applied to applicatién zone 16 it
flows through antibody/label zone 22 (if present) and microsphere bead zone 20 (f
present) before it reaches edge 34 where the two plates 10 and 12 first meet. In the
schematic illustration of Figure 1 there is a gap between the zone of microsphere
beads and the fluid entry point identified by edge 34. Although this arrangement of
the invention will work, it would be most preferred if the microsph'ere bead zone 20
and/or label zone abutted against edge 34 of carrier plate 10. One example of such a

configuration is illustrated in Figures 5 and 6. This configuration provides the least

distance for the fluid sample to travel and this further minimizes the amount of fluid

sample required fof tésting and is described in greater detail in Exarhple 1.

| The fluid sample is drawn under edge 34 into chamber 14 which definesa -
known volume. The fluid sample should be of sufficient volume to pass along
application zone 16, t11r6ugh the microsphere and label zone(.s) and to comp}etely ﬁllv
chamber 14. The biochip of the present invention can be scaled to a small size such
that a single drop of blood could be a sufficient sample size for testing. Many

dimensions are possible to construct based on the principles taught herein. Although
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dimensions of 1 cm x A3 cm make a device of convenier;t size, the nafuré of the testing
to be done would dictate the optimum chip size. As illustrated in Figure 1 a shelf
portion 16 extends on the bottom plate. On this shelf portion the biologic sample can
be applied. In other embodiments, the portion of the test which is held, for example
the microscope slide, may be large but the test assay itself which sits on the slide may
be very small. The assay may be miniaturized to accommodaté sample fluid volumes
as small as about 1 microiiter. | )

Figure 2 is a sectional view taken along lines 2 - 2 illustrating the same

elements as referenced in Figure 1. ngure 2A is an end elevation view of Figure 2

_along lines 2A - 2A illustrating that the end of the device may be open, to allow the

fluid to be removed from the chamber. One would want to remove fluid from the

" chamber, for example, is you wanted to test thé whole sample, A suitable wickiﬁg

material would be appiied to the open end and the fluid would be drawn through
thereby allowing additional fluid to enter the chamber. This could be either a
continuous or a discontinuous proccsg. |

Ilustrated in all of Figures 1,‘ 2 and 2A i.s a spot of glue 58 which is one way
to hold plates 10 é.nd 12 idgether. The glue 58 also illustrated in Figure 6, aﬁétﬁer
embodiment of the invention. Other methods to hold plates 10 and 12 together would

be obvious to one of skill in the art. For example, plates 10 and 12 could be fabricated

~ such that they snap together, and afc held in place by frictional forces.

Figures 7 and 7A are illustrations of another use of the microsphere method of
separation in a one-step assay. In this embodiment the microspheres are used in
conjunction with chromatography paper. The biologic sample 18 is placed on a A

surface such as a microscope slide 52°. It may be placed directly on the microsphere
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- beads 50 (as illustrated) or beside them. The fluid component of the .sample then
flows through the beads 50 separating from a non-fluid component present in the
sample 18. The beads abut against or sit close to a fiberglass filter pad 60 which
abuts with a label pad 62. The label pad 62 is usually a fiberglass pad impregnated
with the label of interest fof labeling analyte in the fluid sample. The fluid flows
through the filter 60 and label pad 62. Any analyte present in tho fluid will be lébelod .
as it flows through the label pad. The fluid then flows into the nitrocellulose |
chromatography strip 64 where the test results are read, usually as a color chaﬁge or
band on the Iﬁtrocellulooe strip. Alternatively, since the microspheres 50 are used as a
filter, the fiberglass filter 62 may be eliminated entirely (not illﬁstrated).

Finally, as illustrated in Figure 7A, the fiberglass label pad 62 may be replaced
by microsphere beads 66. In this case the beads 66 are acting as a source of label, not
as a filter and the fiberglass filter 60’ serves as a spacer between the two sets of beads
50 and 66, respectively. For applications where ﬁl&éﬁon of a fluid component is not
requi_red., tho microspheres 66 can be used to label an an_alyté present in the fluid -
directly, without requiring the microsphere filter 50 or the fiberglass spacer 60°.

Figures 7 and 7A aro illustrative of how current assay methodologies may be
modified using the microsphere bead technology of the present invention és taught
heroin.

The biochip may also include acap 75, shown in Fig. 21 in an inverted format,
that is adapted to slide back and forth in a lengthwise direction on lower plate 12. Cap
75 snaps onto lower plate 12 and is slidably held in place on lower plate 12 by tabs 76
which run in tracks 74 of lower plate 12 (Fig. 20B). Cap 75 covers well 71 and

protects beads 20 (not shown) after they are added to well 71. This protects beads 20
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during iransportation and storaée of the biochip. When the biochip is ready for use,
cap 75 is pushed in a direction toward chamber 14, exposing beads 20 for application
of sample 18. After sample 18 has passed into chamber 14, the cap is pushed back
over well 71, exposing chamber 14 for data collection. Lower plate 12 may optionally

contain stops (not shown) to halt the motion of cap 75 along tracks 74, or tracks 74

' may be of a defined length.

The assay device and techniques of the present invention are very useful in

that they can be used for small volumes of many kinds of fluid samples. Although the

description refers specifically to proteins, any number of other markers would be

suitable so long asa label_ing system can be devised for the detection and

measufemént of the marker in the system. Fof example, the present invention could
be used to measure and/or detect the presence of microorganisms such as bacteria,
viruses, fungi or other infectious organisms. The vbiochip device of the present
invention can be calibrated for the type of assay and the type of analyte so that a table

of standard values may be constructed. The assay system or the present invention can

- detect the levels of a particular hormone or the amount of a drug in a patient’s system

and this standardized data can be used to make diagnostic and/or prognostic
determinations for a given individual.
The ease of use and simplicity of the device of the present invention, coupled

with the minimal sample size needed for each readihg, means that many niu]tiple tests

_can be performed on the same patient over a relatively brief period of time. In

contrast to conventional testing methods, in which a single large sample of blood is
obtained at relatively large time intervals to be aliquoted for multiple tests, the

methods of the present invention facilitate sampling far more frequently. As a result,
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muph more data can be obtained for each patient, and the changes over time of a
particular analyte can be more precisely followed. Moreover, since the device of the
present invention lends itself well to point-of-care applications, measurements céﬁ be
taken earlier in time, including measurements that can serve as baseline values. Asa
result, large amounts of data can be obtained for each individual patient, and this data
can be stored iﬁ a database, Thé stored data can be manipulated to spot trends and
changes in the concentrations of analytes in a particular patient.' Alternately, the data
from multiple patients may be pooled, and manipulated as desired to Spot trends or
changes in particular populations of patients.

In another embodiment, the above-identified method can be used to prepare a

prognostic test, based on data accumulated from a large numbep of users. Ovér.time,
the changes in a parameter associated with development of a disease can be foilowed

to determine at what point the disease manifests, in a large number of patients. This

" information can be used to create a predictive database, wherein the course of the

disease may be predicted as a function of the change in the parameter iﬁ an individual
patient. |

Tables of standard values can be constructed, based on the known values of
the paré.meters in the target patient group. Once the table of standard values is
constructed, data is collected from a patient on a regular basis and patient-specific
databases constructed based on fhc patient’s medical history, current health and the
test results. Optionally, the data can be transmitted by digital transmission systems |
over a computer network via modem, the internet, cellular phone systems, cable lines,
telephone lines, fiberoptic lines, satellite systems or other similar technology. These

databases can be used in the development of neural network algorithms, for
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assessment of current patient test results and diagnoses as well as for predicting
certain health outcomes for a given individual. One example of a neural network
algorithm is found in Example 3 below and a sample Receiver Operator Curve (ROC)
is illustrated in Figure 8.

The development of the algorithms for the applied neural network will be a

 function of the medical condition being assessed. Large amounts of patient data will -

first have to be accumulated in order to have reliable predictive outcomes. The neural

network can be trained to recognize the concentration of analyte which is diagnostic

. or prognostic, using the standardized assays of the present invention. The data and

algorithms are éncoded in an electronic chip which is piaced in the reader, for
example a spectrometer, such that the printoufﬁ'tv)m the reader will also idcnﬁfy a
particular diagnosis or prognosis simultaneously with providing the test result. In the
neural network algorithms, the diagnostic or prognostic test result will be optimized as

the number of data points increases. With more patient data the predictive and/or

diagnostic result will be made with greater certainty. The percent certainty can be
. calculated and provided to the physician or technician based on analysis of the .
~measured data in comparison to a database contained in an electronic memory chip |

- installed in the analyzer provided. Present technology makes it possible to display

the actual standard curve on the reader itself at the time of printing out the test results.
In addition to the use of a sﬁectrophotometer, aﬁd in accordance with another

aspect of the iﬁventién, the biochip may have a radiofrequency sensor incorporated

into carrier plate 10. When a reaction takes place in one or more detection areas a

measurable change in radio frequency occurs and by detecting this change in radio
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frequency the presence or the absence or even the extent of a reaction can be measured
or detected using a suitable device for detecting radio frequency changes.

In the present invention, more than one test can be run simultaneously on the

~ same biochip and therefore the certainty of the diagnosis or prognosis can be

improved. As the number of markers increases so does the certainty of measurement.

One of the many examples of uses of the biochip/cassette of the present
invention is to measure bléod protéiﬁs indicating peripheral vascular disease using a
drop o‘f the patient’s blood.

The present invention is also applicable to small particles other than the

- microsphere beads described herein. In particular, the separation téchnology of the

present invention also wbrks using non-uniform particles including silica-based
particles, for example sand grains, even though these particles are not necessarily
sphérical in shape nor uniform in size, as shown in Example 7 below. Non-uniformity
of the particles makes the separation less efficient because it is somewhat slower but
effective separation is still achieved, at least for quali‘tative assays.

For exémple, in Example 7 ﬁsing sand grains, the separétion does not appeér
to happen as efficiently since fewer organisms are separated from the sémple in the
same time period as the separation using microsphere beads as described in Examples
4,5 and 6. Still, the organisms are successfully separated and can be ﬁ.lrthet tested or
assayed accordingly. The use of silica and other similar particles is advéntageous
over the microsphere beads because they are less expensive and rﬁay be more readily
available in less developed and developing countries. Thus, the microsphere beads of
the present invention can be generalized to a phenomenon of particles in general and -

the invention is not restricted to spherical beads.
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Another advantage of the use of silica-type particles is that silica is known in

the art to selectively bind proteins and nucleic acids. Silica-based separation particies

- could be used to devise certain protein and/or nucleic acid positioning mechanisms.

In all of Examples 4 to 7 the separation was almost instantaneous and the limit

o_n the size of fhe particles was limited by the type of bacteria, microorganism or other
analyté Which one wished t;) isolate. It is expected that one skilled in the art woulci
know which size of pa.rticle to select based bn ‘?he type of bacteria present in the
sa.mpfe. If the bacteria was unknown, then a person skilled in the art would pick a
particle size based on the expected size anticipated and select a bead size generally in
accordance with the 0.4 to 1 ratio as described above.

~The ass;ys énd devices of the present invention can be particularly helpful in
identifyiﬁg the presencé of harmful and pathogenic bacteria in certain biologic
samples, such as. E. coli strainv 0157:H7, salmonella, listéria, ciamydia aﬁd other
bécteria .and mi.croorganisms such as virﬁses. For exa.mplé,-the assays o_f the brésent
invention could be used to test food sérnples for certain pathogens. They could also
be used in human or véterinary medicine for diagnosis of infectious diséases.

| Further details of thé preferred émbodiments of the invention are illustrated in
the folloﬁng Exémples which are understood to be non-limiting with respect to the

appended claims.

Example 1: Verification of Plasma Flow and Separation from Who-le‘

Human Blood
As illustrated schematically in Figures 3 to 6, approximately 15 pl of 10 um

latex microsphere beads (Bang’s™) 50 were dropped onto a glass slide 52 and-
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allowed to dry. A glass coverslib 54 was placed on the slide and pushed; on edge,
towards and along, the dried beads. The covér slip caused the dried beads to be

separated from the glass slide and further caused the collection of dried beads to roll

_over thereby forming a curl 56. The cover slip was then placed on the slide with the

“curl” touching the edge of the coverslip (illustrated in Figures 5 and 6). The

coverslip was fixed squarely in place on the slide with one edge aligned parallel to the

edge of thé curl of dried beads and this edge was left open to allow fluid to pass -

through thg beads and into the caﬁillary chamber formed betweén the cover slip and
the glass slide. The coverslip was attacﬁed with nail polish at the corners 58 of th¢
coverslip to secure it to the microscope slide. The coverslip was secured at a si)ot
where no capillary action was intended to take place to permit ﬂuid to flow freely .
under the coverslip. |

A 20 pl drop of whole human blo'od 1‘8 was placed on the remaining 5to 10
pum microsphere beads. In other words, the sample of whole human blood was placed
on the remaining portion of the beads which did not form paﬁ of the curl leaving the

plasma component free to move by capillary action through the curl portion of the

microsphere beads and into the space defined between the coverslip and the slide (i.e.

t'hevcapillary chamber). The effect was observed under a 'bino.cu.lar light microscope.'
Upon application of the blood sample to the beads .the plasma immediately begén to
separate from the whole blood. As th¢ cuﬂ becamevplasma soaked; capillary.action
between the coverslip and the slide drew the pure, clean, cell-frée plasma imder the
coverslip into the chamber defined between the coverslip and the slide. This chamber

defines a known space, the volume of which can be calculated and predetermined.
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This demonstrated that the microsphere beads are able to readily and
effectively separate plasma from whole blood and to pass, via the capillary channels -

formed between the microsphere beads, into the capillary chamber.

Example 2: Microsphere Separation Combined With Chromatography Strip

In an assay for an analyte in 2 human blood sample, this example
(schematically illustrated in Figure 7) demonstrated the use of microsphere sépération
of plasma from a blood sample of human whole blood. The plasma was separated

using latex microsphere beads (Bang's™) 50 and then drawn into a standard

nitrocellulose chromatography strip.

The fiberglass pads, which are usually used to retain red blood cells in the
prior art, were replacéd with about 20 pl of iO pum latex beads. A drop of human
blood (ébout 60 pl) was placed on a surface 52°, in contact with the latex ,
microspheres. Fiberglass pad 60 effectively functions as a spacer between the beads
50 and label pad 64 although it could also be used as a second filter. Fiberglass filter
60 may be eliminated ér;tirely and microéphere beads 50 abut directly with label pad
64 (not illustrated).

It was observed that the t.)looc.lAsoaJ«»ad the bead pile and within about 2 minutes

clear plasma ran onto the nitrocellulose chromatography strip. This was observed

with the visible eye and also under a microscope. This example demonstrated that the

microsphere method for separation of plasma from blood can also be used in
conjunction with a standard nitrocellulose chromatography strip. For tests using such
chromatography strips this is clearly an advantageous methodology for separating »

plasma from blood.
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Illustrated in Figure 7A is another embodiment where, instead of a fiberglass
label pad 62, microsphere beads 66 are used as the label region of the test device. A

fiberglass filter pad 60° is used as a spacer between the two sets of beads, 50 and 66.

Example 3: Neural Network Marker Analysis

A neural network is a mathematical function N(W,2) which takes input analyte
vectors a=(al,a2...,an) and outputs numbers between 0 and 1. The weight parameters

W are adjusted during the training period, using training patterns {p=(b1,b2,...bn,T)}

A where b1,..,bn are training protein vectors, and T is the target output value. In the

caseofa coagulation test, T wbuld be 1 for a coagulation result, and 0 for a non-

coagulation result.

The parameters W are adjusted to minimize the error E = Z(N(W,a)-T)?
[

while maintaining good performance on new test data.

" Once the network is trained, a network cutoff C is chosen to classify test data. Let

TST(C,b,T) be the test result for a testing vector a, giveﬁ cutoff C, and target outf;ut T.

{ 1if N(2)>C
TST(C,b,T) = {

{ 0 otherwise
Now, we can analyze the sensitivity and specificity of the test.

True Positive if T=1 and TST(C,b,T)=1

False Positive if T=0 and TST(C,b,T)=1
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True Negative if T=0 and TST(C,b,T)=0

False Negative if T=1 and TST(C,b,T)=0
Sensitivity = TP/(TP+FN)

Specificity = TN/(TN+FP)

- Plotting sensitivity versus 1-specificity for various cutoffs gives a ROC (receiver

operator characteristic) curve.

NEURAL NETWORKS
We start with a set of training pétterhs {p=(11,12 ... 11, TAR }, where Jj is an input
value, and TAR is the target value (TAR = 0 or TAR = 1). We want to train a neural

network to give outputs which are close to the target values.

A neural network has 3 layers; the first INPUT layer, the second HIDDEN layer, and

~ the third OUTPUT layer:

INPUT HIDDEN OUTPUT
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- The neurons are connect.ed by a set of weights { w(i,j,k) }. For example,
w(1,2,4) connects the second neuron of the first layer with the fourth neuron of the
second layer.
For each pattern we assign a number called the activation to each neuroh,
5  which measures the probability that it is firing. The activation is defined recursively

as follows:

{Gifi=1
a(ij) ={
10 £ 1/(1 + exp (- sum(k) { w(i- Lkg)aGi- 1k) } ))

The error is caléulated as
ERMS=SQRT {sum{ (t- a(2,1))* } }

where the sum is over all patterns.

The weights are adjusted to minimize ERMS,'whjle maintaining good performance on

15  new data.
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QUANTITATIVE FLOW CHART
$
d
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5
INPUT SERUM PROTEIN CONCENTRATIONS FOR
SPECIFIC DISORDERS OR CONDITIONS (FOR
EXAMPLE COAGULATION)
10
-
SCALE INPUTS TO VALUES BETWEEN 0 AND 1
~ |RESULT: INPUT VECTOR (Q1, Q2, Q3, Q4)
15
I
J

- |FORWARD PASS THROUGH TRAINED NEUTRAL NETWORK,
20 WITH WEIGHTS { W(IJ,K) }

\’
v

25 |COMPARE OUTPUT OF NETWORK (OUT) TO CUTOFF (CUT)

- {POSITIVE IF OUT>CUT
TESTRESULT = { .
| {NEGATIVE OTHERWISE
30

Example 4: Separation of Lactobacillus from Yogurt

Approximately 10 ul of yogurt containing Lactobacillus bacteria was placed
35  onabiochip. When no separation beads are present on the biochip, solid particles are
observed in the field of view (in addition to the lactobacilli present in the yogurt), as

seen in Figure 9. Before separation, only a few bacteria can be seen in the field

(Figure 9).
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. In contrast, as shown in Figure 10, separation through microsphere beads -
having a diameter of 15 pm shows a good separation of bacteria from the sample.
‘ None of the solid particles seen in Figure 9 appear. Afier separation, only bacteria are
seen in the separated fluid portion (Figure 10). Separation occurred almost
5 instantaneously. The microsphere beads provided a quick and ready separation step
for isolation of the bacteria away from the rest of the solid paﬁic]es in the yogurt
ﬁcreby permitting further testing on the separated bacteria. This would permit a
determination of the type of bacteria present in a sample. For example, the type of
bacteria, or other microorganism, could be determined by a specific antigénic test to
10  determine the type of bacteria or microorganism present.
| A similar result »is seen in Figure 11 when the separation was done using 10
pm microsphere beads. Figure 11 shows a fewer number of bacteria pervﬁeld but is

- still shows an effective separation of bacteria from the yogurt.

15 ' Example 5: Séparation of E. coli from a Bread Suspension

In this example, Escheria coli (E. coli) was successfully sepa:atéd from é
breaci suspension using the methodology and apparatus of the present invention.

First, a bread and NaCl mixture was prepafed. 200 mg of bread was weigﬁed.
_A bread Suspension was prepared by repeatedly mixing 500 ul 150 mM NaCl with the

20 bread. E. coli (strain: DH5a) was added in a 100 pl aliquot to the bread suspénéion.'

The suspension was mixed again to create an E. coli/bread suspension. 100 pl of the
E. colifbread sﬁspension was placed on the biochip and almost instantaneously the
microsphere beads acted to partition a fluid component containing bacteria from the:

sample but none of the solid particles from the suspension. Figure 12 shows a typical
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field of view of the unseparated E. coli/bread suspension. Figure 13 shows the clean

separation of bacteria in the fluid portion isolated using microsphere beads having a

15 pm diameter. A good separation was observed.

Example 6: Separation of Bacteria From Cow Feces

In this example, bacteria from cow feces were separated using the technology

of the present invention. 500 mg of cow feces were combined with 500 pl 150 mM

- NaCl and mixed to form a suspension. A 5 pl sample of the suspension was used for

separation and placed on the biochip. 'Photomicrographs before separation (Figure 14)
and after separation (Figures 15 and 16) are shown. Separation in this example was
achieved using 15 pm microsphere beads. The sample was placed on the biochip and
almost instantaneously the microsphere beads partitioned out a fluid component
containing bacteria. The separated bacteria can now be stained to further identify
them. A good separation was achieved using 15 pm beads (Figure 15) and also with

10 um diameter beads (Figure 16).

Example 7: Separation Using Silica Sand Particles

In this example, other types of particles were tested in addition to the standard
polystyrene beads which are commercially available. In order to test the suitability of
silicone-based particles, sand grains (silica sand) replaced the microsphere beads. » |
Three tegts were done: cow feces, £, coli/bread suspension, and blood. The silica
sand was mixed with water to form a slurry and applied to the biochip. The size of

the sand particles on the biochip can be seen from the 1 mm reference scale (Figure

17).
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While good separation was observed, as illustrated in Figures 8 for cow feces
and Figure 19 for the E. coli/bread shspension, the separation was not as good as the |
same experiments set out in Examples 5 and 6, above, in which polystyrene beads
were used for the filtration step. The less efficient separation using the sand grains
was probably due to the non-uniformity of particle sizes and shapes. However, it is
clear that the use of sand grains/silica sand is still a suitable alternative to‘ th§: use of
bolystyrene microsphere bead§ as clean éeparations are still achieved.

Whole blood was applied to the biochip and allowed to filter through the ksilica
sand particles. In this case, due to the larger particle sizes (as compared to the 10 pm
microsphere beads) the red blood cells flowed through the filtration particies. A

uniform blood smear was obtained.

Example 8: Detection of E, coli strain O157:H7 in Various Food Samples

Food samples (25 gm or 25 ml) spiked with various amounts of E. coli strain
O157:H7 were enriched for bacterial growth in various media for 18 hours at 37 °C

with shaking at 150 RPM. The media tested were: BPW-VC (buffered peptone water

~ with vancomycin and cefsulodin); mEC broth (Merck); mTSB (trypticase soy broth

containing novobiocin, Merck); and CASO broth (Merck). Food samples investigated
were raw milk, ground beef, cheese spread, and soft cheese (Camambert). A poﬁiOn
of the enriched sample was then stained with Alexa 594-labeled anti-O157 antibody.
The stained sample was then passed into a biochip without microsphere beads and
stained bacteria visualized using a DNAscope. The biochip assay was compared to a

conventional lateral flow assay.
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It was found that the n;tedia used to enrich the had an influence on the
sensitivity of the procedure. However, in general, the biochip assay was more
sensitive than the conventional lateral flow assays. In general, using a conventional
la£eral flow test, 4x10° cfu/ml bacteria were required to obtain a positive result in the
lateral flow assay, compared to bétween 6x10* to 4x10* cf/m] bacteria for the _
Bioéhip assay, depending on the E, céli O157:H7 strain. Thus, the biochip assay was
between about 100-1,000 times more sensitive than the lateral flow assay.

Raw milk: E. coli O157:H7 strain ATCC#700531 was spiked into raw milk
(70 cfu (colony-forming units) of bacteria), and the resulting mixture grown in various

culture media. The biochip assay was able to detect bacteria when the raw milk

sample was enriched in CASO broth and BPW-VC, and a weakly positive result was

obtained when the raw milk sample waslenriched in mEC media. However, no
bacteria were detectable when the raw milk sample was grown in mTSB media.
Similar results Were obtained in a conventional lateral flow test, except that no
bacteria were detected in a raw milk sémple enn"ched in mEC media.

Ground beef: E. coli O157:H7 strain ATCC#706531 was spiked into ground
beef sample grown in BPW-VC, CASO Brcﬁh or mEC media. Usiﬁg the conventional
lateral flow assay, it was found that that the lower limit of detection of the culture |
enriched in BPW-VC or CASO broth was 3 cfu added to the sample, and the bacteria
were not detected in the sample enriched in mEC media. In the biochip assay, the
lower limit of detection in the BPW-VC medium was a nominal 0.3 cfu added to the
sample.

Soft cheese (Camambert): E. coli O157:H7 strain ATCC#35150 was spiked

into ground beef samples grown in BPW-VC, CASO broth or mEC media. The
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sampies were spiked with 0, 0.2, 2, or 20 cfu bacteria. The bacteria grew well. inmEC
culture, but not in CASO broth. Using the lateral flow test, bacteria were detected in
the BPW-VC cultures at 2 cfu and 20 cfu, and in mEC cultures at 20 cfu. Similar

results were obtained using the biochip assay. However, some food samples that have

a high fat content, such as milk and cheese, contain autofluorescent materials that

interfere with detection by immunofluorescent staining. Proper separation by the
microsphere beads allows only the bacteria in the sample to enter the chip, thereby

reducing the background interference and enhancing the sensitivity of the detection

" method.

Ground chicken: E. coli 0157:H7 strain ATCC#35150 was spiked into.

~ ground chicken samples grown in BPW-VC, CASO broth or mEC media. While

there were significant levels of background bacterial growth, the biochip assay was
able to detect 1 cfu bacteria in a BPW-CV-enriched sample, which was negative by

the lateral flow assay.

Example 9: Detection Limit of E. coli 0157 in Pure Culture and Ground Beef

with or without Microsphere Beads -

The experiment was designed to éompare the detection limits of E. coli 0157
in ﬁure bacterial culture, with or without treatment using miérosphere beads. A pure
culture of bacteﬁa was ten-fold serially diluted using CASO broth between 10" and
107. The samples diluted to 102, 10%, 10°, 16‘6 and 107 were stained with Alexa
Fluor 594-labeled anti-E. coli 0157 antibody (diluted 1:25). These samples were

applied to biochips containing 15 pm diameter microsphere beads (5 pl) or without
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' miérospﬁere beads (2 pl), then counted. No difference in the detection limit was

found in samples treated with or without microsphere beads.

A similar experiment was performed using ground beef spiked with E. coli
O157:H7 ATCC #35150 (37, 4, or 0 cfus) cultured in mEC broth. After 18 hrs,
samples were stained with Alexa Fluor 594—]abeied anti-£. coli 0157 antibbdy, and
applied to biochips with or without microsphere beads. No difference in the bacterial
cbunts was found between the samples treated with miérosphere beads and those not

treated with microsphere beads.

Example 10: Concentration of Fluid Samples Using Polvmer Gel

Fluid smples may be concentrated by contacting the sample with a
superabédrbent polymex;, such as thoée containing acrylamide and/or dextrén, Qthh '
are capable of absdrbing large amounts of water and/or small ionic species.
Preferably, the superabsorbent polymer is a non-ionic polymer. In particular, the
concentration of bacteria in a fluid sample can be easily achieved using this method.
The superabsorbent polymer m.ay be held in a syringe or other suitable container; and
the sample mixed with the polymer while in the syringe. The polymer gel in the
syringe may also include another molecule to bé exposéd to the sample dﬁﬁng the
concentration step, such éé, for example, a labeled monoclonal antibody. After the
concentration step is completed, the concentrated sample may then be expressed ﬁ'bm
the syringe for further treéhneﬁt. For exa.mple, the concentrated sample may be
treaied as described above to separate a non-fluid component from a ﬁuid component

for further testing.
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To test the size exclusion characteristics of the polymer gel, the gel was
incubated with solutions containing polystyrene beads (0.01%, w/v) ranging in
diameter from 15 pm to 0.3 pm (15, 10, 5, 2, 1, 0.4, and 0.3 um). The beads first
wbere counted and their concentration was expressed in terms of number of beads/ml.

The beads then were coﬁcentrated by incubation with the polymer gel, and the ‘

‘numbers of beads/m] recounted and compared to the untreated sample of the same
beads. It proved impossible to reliabiy detect and count the beads having a diameter

smaller than 5 pm. However, for 15 pm beads, the gel concentrated the beads by a

factof of 2.2 - that is, the number of beads/m] increased 2.2-fold. For 10 um beads, -
the gel concentrated the beads by a factor of 4.3. For 5 pm beads, the gel
concentrated the beads by a factor of 5.7-fold.

Although the invention herein has been described with reference to particular
ém_bodiments, it is to be understood that these embodiments are merely illustrative of

various aspects of the three template generating methods and the amino acid

assignment methods of the invention. - Thus, it is to be understood that numerous
" modifications may be made in the illustrative embodiments and other arraﬁgernerits

- may be devised without departing from the spirit and scope of the invention, as

enéompassed in the following claims. Throughout this application various
publications may be cited. Where cited, the contents of these publications are hereby

incorporated by reference into the present application.



WO 00/78917 ) : i PCT/US00/13056
58

What is claimed is:

1; A device for assaying a fluid sample, comprising:
a chamber, said chamber being defined by two non-contiguous surfaces;
_said chamber having at least one fluid entrance;
said non-contiguous surfaces being separated by a distance sufficient to create
capillary flow of said fluid sample into saici charﬁber through said. at least one fluid
entrance; A
a dynamic capillary filter, said dynamic capillary filter being in fluid
commﬁnication with said ﬂuid entrance and. further including a plurality of particles,
vsai.d particles being in a transiently abuttihg relation with one another and forming
intérstitial spaces therebetween;
whereby when said fluid sample contacts said dyna:ﬁic capillary filter, said
fluid sample flows into said dynamic capillary filter, whereupon a fluid component of
said fluid sample is separated from a non-fluid component of said fluid sample by
passage through said interstitial spaces of said dynamic capillary ﬁlt-er and said fluid

component thereafter flows into said chamber through said fluid entrance.

2. Thedevice of claim 1, wherein said hon-contiguous surfaces are opposing planar

surfaces,

3. The device of claim 1, wherein said chamber has a defined volume.
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The device of claim 1, wherein said particlés are at least one member selected
from the group consisting of microspheres, glass particles, silica particles, and
sand particles.
The device of claim 1, wherein said particles are microspheres.

The device of claim 5, wherein said microspheres are of a uniform shape and size.

The device of claim 6, wherein said microspheres have a mean diameter of 10 um.

* The device of claim 6, wherein said particles produce interstitial pore sizes of 4

pm.
The device of claim 6, wherein said particles have a mean diameter of 15 um.

The device of claim 6, wherein said particles produce interstitial pore sizes of 6

pm.

The device of claim 5, wherein said microspheres are contained in a fluid

permeable material.

. The device of claim 4, wherein said particles contain a label effective to identify at

least one component of said fluid sample upon interaction of said component with

said label.
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The device of claim 1, wherein said particles are of a non-uniform shape or size.

The device of claim 13, wherein said particles are a member of the group

consisting of glass particles, silica particles, and sand particles.

The device of cl'airnv 5, further cdmprising a plurality of smaller particles, éaid'

plurality of smaller particles being interspersed among said microspheres.

The device of claim 15, wherein said plurality of smaller particles are

microspheres. -

The device of claim 15, wherein said smaller particles contain a label effective to

identify at least one component of said fluid sample upon interaction of said

‘component with said label.

The device of claim 17; wherein said label is a member selected from the group

consisting of a radioactive label, a fluorescent label, a metal label, a peptide, and a

protein.
The device of claim 17, wherein said label is an antibody.

The device gf claim 15, wherein:
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said plurality of smaller microspheres comprises a plurality of groups of

smaller microspheres, each of said groups of smaller microspheres containing a

different one of a plurality of labels effective to identify at least one component of

said fluid sample upon interaction of said component with said label; and

each of said groups of smaller microspheres being interspersed among said

plurality of particles in a separate zone of said microspheres.

21,

22.

23,

24,

25.

- 26.

217.

The device of claim 1, further comprising a plurality of chambers.

The device of claim 1, wherein said chamber is divided into a plurality of lanes,

each of said lanes having a defined length and width.

The device of claim 1, further comprising a wick capable of removing said fluid

component from said chamber.

The device of claim 1, further comprising chromatography test strips capablé of

separating components of said fluid component.
The device of claim 1, further comprising a filter pad impregnated with a label.

The device of claim 25, wherein said filter pad is located between said dynamic

capillary filter and said chamber.

The device of claim 25, wherein said filter pad contains fiberglass.
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The device of claim 25, wherein said filter pad contains cellulose.

The device of claim 1, further comprising a reagent bound to an interior face of at
least one of said non-contiguous surfaces of said chamber, said reagent being
capable of reacting with one or more analytes that may be present in said fluid

sample.
The de_vice of claim 29, wherein said reagent is an antibody.

The device of claim 29, wherein said reagent is an antibody directed against an

extracellular antigen of an enteric bacterium.

The device of claim 29, wherein said reagent is an antibody directed against an

extracellular antigén of Escherichia coli O157:H7.

The device of claim 29, wherein said reagent is capable of being bound by at least

one of said one or more analytes that may be present in said fluid -sample. ,

The device of claim 1, wherein said plurality of particles haife a size that is
capable of permitting bacterial cells to pass into said chamber while excluding

particles having a size greater than that of bacterial cells.
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35. The device of claim 1, wherein said plurality of particles have a size that is

capable of excluding red blood cells from passing into said chamber.

36. The device of claim 1, further comprising:

37.

38.

39.

a well in one of said non-contiguous surfaces;
said well being capable of holding in place said plurality of particles;

said well further haviﬁg a outlet in fluid communication with said fluid entrance.
The device of claim 36, wherein said outlet is a hole.

The device of claim 37, further comprising a ball, said ball being capable of sitting
in said hole, said ball further having a diameter that is less than 10 pm less than a

mean diameter of said hole.

The device of claim 36, wherein said outlet is a channel, said channel having a

long dimension perpendicular to a direction of travel of said fluid into said

V chamber‘..

40.

41,

The device of claim 39, further comprising a rod, said rod being capablé of sitting
in said channel, said rod further having a diameter that is less than 10 pum less than
a mean diameter of said channel and having a length that is sﬁbstantially equal to

that of said channel.

The device of claim 1, wherein said non-contiguous surfaces are made of a plastic.
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42. The device of claim 41, wherein said plastic is polystyrene.

43. The device of claim 1, further comprising a cap slidably disposed on said device
“and capable of covering said chamber and said dynamic capillary filter.
44. An assay device, comprising in combination:

a chamber, said chamber being defined by two non-contiguous surfaces;

said chamber having at least one fluid entrance;

said non-contiguous surfaces being separated by a distance sufficient to create
capillary flow of said fluid sample into said chamber through said at ieast one fluid
entrance; ‘

a dynamic capillary filter, said dynamic capillary filter being in fluid
communication with said fluid entrance and further including a plurality of particles,
said particles being in abutting relation with one anofher and forming interstitial
spaceé therebetween; |

Whereby when sé.id fluid sample contacts said dynamic capillary filter, said
fluid sample flows into said dynamic capillary filter, whereupon a fluid componeni of
said fluid sample is separated from a non-fluid component of said fluid sample by
passage through said interstitial spaces of said dynamic capillary filter and said fluid
component thereafter flows into said chamber through said fluid cntranéé;

. a feégent bound tvo an interior faf:e of at least one of said non-contigubﬁs
surfaces, said reagent being capable of reacting with one or more analytes that may be

present in said fluid sample; and
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an analyzer, said analyzer being capable of detecting a reaction between said

reagent and at least one of said one or more analytes that may be present in said fluid

sample.

45,

46.

47,

48.

49,

50.

51.

The assay device of claim 44, wherein said particles are at least one member
selected from the group consisting of microspheres, glass particles, silica particles,
and sand particles.

The assay device of claim 44, wherein said particles are microspheres.

The assay device of claim 46, wherein said microspheres are of a uniform shape

and size.

The assay device of claim 47, wherein said microspheres have a mean diameter of

10 pm.
The assay device of claim 47, wherein said particles have pore sizes of 4 pm.

The assay device of claim 47, wherein said microspheres have a mean diameter of

15 pm.

The assay device of claim 47, wherein said particles have pore sizes of 4 pm.
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52. The assay device of claim 46, wherein said microspheres are contained in a fluid

permeable material.

53. The assay device of claim 46, wherein said particles contain a label effective to
identify at least one component of said fluid sample upon interaction of said

component with said label.

54. The assay device of claim 44, wherein said particles are of a non-uniform shape or

size.

55. The assay device of claim 54, wherein said particles are a member of the group -

consisting of glass particles, silica particles, and sand particles.

56. The assay device of claim 46, further comprising a plurality of smaller particles,

said plurality of smaller particlés béing interspersed among said microspheres.

57. The assay device of claim 56, wherein said plurality of smaller particles are

microspheres.

58. The assay device of claim 56, wherein said smalier particles-cohtain a label
effective to identify at least one component of said fluid sample upon interaction

of said component with said label,
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59. The assay device of claim 53, wherein said label is a member selected from the
group consisting of a radioactive label, a ﬂuorescent label, a metal label, a peptide,

and a protein.
60. The assay device of claim 53, wherein said label is an antibody,

61. The assay device of claim 56, wherein:

said plurality of smaller microspheres comprises a plurality of groups of
smaller microspheres, each of said groups of smaller microspheres containing a
different one of a plufalit& of labels effective to identify at least one component of
said fluid sample upon interaction of said component with said label; and

each of said groups of smaller microspheres being interspersed among said

plurality of particles in a separate zone of said microspheres.
62. The assay device of claim 44, further comprising a plurality of chambers.

63. The assay device of claim 44, wherein said chamber is divided into a plurality of

lanes, each of said lanes having a defined length and width.

64. The assay device of claim 44, further comprising a wick capable of removing said

fluid component from said chamber.

65. The assay device of claim 44, further comprising chromatography test strips

capable of separating components of said fluid sample.
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66. The device of claim 44, further comprising a filter pad impregnated with a label.

67. The device of claim 66, wherein said filter pad is located between said dynamic

capillary filter and said chamber.

68. The device of claim 66, \_’;/herein said filter pé.d contains fiberglass.

69. The device of claim 66, Wherein' said filter pad contains cellulose.

70. The device of claim 44, further comprising a reagent bound to an interior face of
at least one of said non-contiguous surfaces of said chamber, said reagent being
capable of reacting with one or more analytes that may be present in said fluid
sample.

71.The assay device of claim 44, wherein said reagent is an antibody.

72. The device of claim 44, wherein said reagent is an anﬁbody directed against an

extracellular antigen of an enteric bacterium.

73. The device of claim 44, wherein said reagent is an antibody directed against an

extracellular antigen of Escherichia coli O157:H7.
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The assay device of claim 44, wherein said reagent is capable of being bound by at '

least one of said one or more analytes that may be present in said fluid sample.

The assay device of claim 44, wherein said plurality of particles have a size that is
capable of permitting bacterial cells to pass into said chamber while excluding

particles having a size greater than that of bacterial cells.

The asSay device of claim 44, wherein said plurality of particles have a size that is

capable of excluding red blood cells from passing into said chamber.

The device of claim 44, wherein said non-contiguous surfaces are made of a

plastic.
The device of claim 77, wherein said plastic is polystyrene.

The device of claim 44, further comprising a cap slidably disposed on said device

and cé.pable of covering said chamber and said dynafnic capilllary filter,

A method for detecting or measuﬁng the amount of a component of a fluid
safnplé, conipn'sing tﬁe steps of:
a) providing an assay device that includes:
" a chamber, said chamber being defined by two non-contiguous
surfaces;

said chamber having at least one fluid entrance;
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said non-contiguous surfaces being separated by a distance sufficient to
create capillary flow of said fluid sample into said chamber through said at
least one fluid entrance;

a dynamic capillary filter, said dﬁmic capillary filter being in fluid
communication with said fluid entrance and further including a plurality of
particles, said particle; being in abutting relation with one another and forming
interstitial spaces therebetween;

whereby when said fluid sample contacts said dynamic capillary filter,
said fluid sample flows into said dynamic capillary filter, whereupon a fluid
component of said fluid sample is separatéd from a non-fluid component of
said fluid sample by passage through said interstitial spaces of said dynamic
capillary filter and said fluid component thereafter flows into said chamber
through said fluid entrance;

a reagent bound to an interior face of at least one of said non-.

. contiguous surfaces, said reagent being capable of reacting with one or more

analytes that may be present in said fluid sample; and

an analyzer, said analyzer being capable of detecting a reaction between
said reagent and at least one of said one or more analytes that may be present
in said fluid sample;
b) applying said fluid sample to saidkassay device under conditions under
which said fluid sample passes through said dynamic capillary filter and
thereafter a fluid component of said fluid sample passes into said chamber

through said fluid entrance;
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c) detecting a presence of a reaction product formed as a result of a reaction
between said reagent and said one or more analytes that may be present in said
fluid sample; and
d) ‘optionally, measuring at least one of an amount of and a concentration of

said reaction product.

81. The method of claim 80, wherein said fluid sample is a member selected from the _
group consisting of a blood sample, a blood-derived sample, a food sample, a fecal

sample, and a water sample.
82. The method of claim 81, wherein said fluid sample is a blood sample.
83. The method of claim 82, wherein said fluid sample is a rodent blood sample.

84. The method of claim 81, wherein said fluid sample is an aqueous suspension of a

food sample.
85. The method of claim 81, wherein said fluid sample is a water sample.

86. The meihod of claim 82, wherein a plasma-containing portion of said b]ood
sample is separated from a cell-containing portion of said blood sample upoﬁ '
passage through said dynamic capillary filter; and
thereafter, said plasma-containing portion passes into said chamber through said

fluid entrance.
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V 87. The method of claim 84, wherein a cell-containing portion of said aqueous
suspension of a food sample is separated from a non-cell-containing portion of
said aqueous suspension of a food sample upon passage through said dynamic
capillary filter; andA

thereafter, said cell-containing portion passes into said chamber through said

fluid entrance.

88. The method of claim 85, wherein a cell-containing portion of said water sample is
» separated from a non-cell-containing portion of said water sample upon passage
- through said dynamic 'capillary filter; and

thereafier, said cell-containing portion passes into said chamber through said

- fluid entrance.

89. A method for assessing a pre- or post-symptomatic health conditidn ofa patient,
comprising the steps of:

a) obtaining a fluid sample from said patient;

b) analyzing said fluid sample for the presence, absence, 'and optionally a -
concentration or amount of an analyte;

c) repeating steps a) and b) a desired number of times, said desired number
being at least once, to create a data pool for said patient; '

d) constructing a database, based on said patient’s medical history, current

health and said data pool;
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€) inputting numerical values from said database into a neural network
algorithm, said neural network algorithm being optimized to produce an output
predictive of a health outcome from said numerical values; and

f) producing a predicted health outcome from output.

90. The method of claim 89, further comprisin_g encoding said neural network

algorithm on a microchip, said microchip being included in the assay device of

claim 44.
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